Although finding "new frontiers", or "reserves", of natural resources to exploit has been the basis of much of global economic development for the past five hundred years, frontier-based development does not appear to be producing sustained, high rates of growth in today's poorer economies. Through a two-sector model of frontier expansion and economic growth in a resource-dependent small open economy, this paper demonstrates that such expansion will lead inevitably to a "boom and bust" pattern of long-run development, even if the economy's terms of trade or commodity prices remain unchanged. Initially, it is always optimal for the economy to choose the maximum rate of frontier expansion, and thus ensure an immediate economic boom.
Introduction
Finding "new frontiers", or "reserves", of natural resources to exploit has been the basis of much of global economic development for the past five hundred years (Cipolla 1976; di Tella 1983; North and Thomas 1973; Toynbee 1976; Webb 1964) . Such frontier-based economic development is characterized by a pattern of capital investment, technological innovation and social and economic institutions dependent on "opening up" new frontiers of natural resources once existing ones have been "closed" and exhausted (di Tella 1982; Findlay 1995; Findlay and Lundahl 1994) .
However, recognition of the role of the frontier in development has only occurred over the past century, beginning with the first "frontier thesis" on American development as put forward by Frederick Jackson Turner. 1 Turner's frontier thesis was further extended by Walter Prescott Webb to explain not just American but global economic development over the 1500-1900 period of world history. 2 In recent decades, historians, geographers and social scientists have continued to modify the Turner-Webb "frontier thesis" to describe processes of frontier-1 In his now infamous 1893 address to the American Historical Association, The Significance of the Frontier in American History, Turner argued that "the existence of an area of free land, its continuous recession, and the advance of American settlement westward, explain American development" (Turner 1986, p. 1) . Critical to this frontier expansion was the availability of "free" land and resources: "Obviously, the immigrant was attracted by the cheap lands of the frontier, and even the native farmer felt their influence strongly. Year by year the farmers who lived on soil whose returns were diminished by unrotated crops were offered the virgin soils of the frontier at nominal prices. Their growing families demanded more lands, and these were dear. The competition of the unexhausted, cheap, and easily tilled prairie lands compelled the farmer either to go west and continue the exhaustion of the soil on a new frontier, or to adopt intensive culture" (Turner 1986, pp. 21-2) .
2 Webb (1964) suggested that exploitation of the world's "Great Frontier", present-day North and South America, Australia, New Zealand and South Africa, was instrumental to the "economic boom" experienced in the "Metropolis", or modern Europe: "This boom began when Columbus returned from his first voyage, rose slowly, and continued at an ever-accelerating pace until the frontier which fed it was no more. Assuming that the frontier closed in 1890 or 1900, it may be said that the boom lasted about four hundred years" (Webb 1964, p. 13 ).
based development in many areas of the world, including Latin America, Russia, Canada, South Africa, Australia, and New Zealand (Hennessy 1978; Savage and Thompson 1979; Wieczynski 1976; Wolfskill and Palmer 1983) . Although there is considerable debate over whether the original "thesis" envisioned by Turner and Webb is still relevant for all frontier regions, there is a general consensus over both the definition of a "frontier" and its significance in terms of economic development: a frontier area is assumed to be "a geographic region adjacent to the unsettled portions of the continent in which a low man-land ratio and unusually abundant, unexploited, natural resources provide an exceptional opportunity for social and economic betterment to the small-propertied individual" (Billington 1966, p. 25) . Or, as di Tella (1982, p. 212) has put it more succinctly, throughout history "processes" of frontier-based development "were characterized by the initial existence of abundant land, mostly unoccupied, and by a substantial migration of capital and people."
Today, frontier-based economic development is very much prevalent in many developing regions of the world, which still have abundant, mainly forested, lands and other natural resources at their disposal. Although Webb's "Great Frontier" may have closed at the turn of the twentieth century, "frontier" areas of various sizes, characterized by a "low man-land ratio and unusually abundant, unexploited, natural resources", still exist throughout the developing world.
Exploitation and conversion of these frontier "reserves" clearly influence the overall pattern of economic development.
For example, many low-income and lower middle-income economies not only rely principally on direct exploitation of their natural resources through primary industries (e.g., agriculture, forestry, fishing, etc.) but also over 50 percent or more of their export earnings come from a few primary commodities (World Bank 1992) . Natural capital -the value of the natural resource endowment of a country -is particularly important in the developing world. For lowincome countries dependent on export revenues from primary commodities (other than petroleum), twenty percent of their national wealth comprises natural capital (World Bank 1997) . 3 These economies are also experiencing dramatic land use changes -especially conversion of forest area and wetlands to agriculture -which are symptomatic of classic "frontier expansion" processes (FAO 1997) . Over 1970-90, for developing countries, 47% of the increase in crop production in Sub-Saharan Africa, 48% in Latin America and the Caribbean and 41% in East Asia (excluding China) has come from increases in harvested land area, and these trends are projected to continue until 2010 at least (FAO 1995; Fischer and Helig 1997) .
However, there is also evidence that the process of frontier-based economic development
in many small open developing countries today may not be generating as prodigious or as sustained an economic boom as the Turner-Webb "frontier thesis" would predict. Many resource trade-dependent low-income and lower middle-income economies also currently display low or stagnant growth rates. Cross-country empirical analysis confirms that in recent decades resource-abundant countries -i.e. countries with a high ratio of natural resource exports to GDPhave tended to grow less rapidly than countries that are relatively resource poor (Sachs and Warner 1997; Rodríguez and Sachs 1999) . Economies with a high primary product export share of GDP in 1971 also tended to have low growth rates during the subsequent period 1971-89 (Sachs and Warner 1995) . This finding is confirmed for the 1970-90 period, even when direct controls for the influence of geography, climate and growth in the previous decade are included (Sachs and Warner 2001) .
Conventional explanations suggest that the comparatively poor growth performance of low-income countries can be attributed to failed policies and weak institutions, including the lack of well-defined property rights, insecurity of contracts, corruption and general social instability (Pack 1994; World Bank 1992) . More recent explanations have focused on the resource curse hypothesis, i.e. the poor potential for resource-based development in inducing the economy-wide innovation necessary to sustain growth in a small open economy, particularly under the "Dutch disease" effects of resource-price booms (Matsuyama 1992; Sachs and Warner 1995 Taylor 1997 and 1998) .
The following paper offers another perspective on why the structural economic dependence of a small open economy on exploiting its natural resource endowment -in particular its dependence on processes of "frontier expansion" -may not lead to sustained and high rates of economic growth. We refer to this view as the frontier expansion hypothesis, i.e.
frontier expansion in a small open economy is associated with a "boom and bust" pattern of economic development, irrespective of what may happen to the country's terms of trade or commodity prices. Faced with an abundant supply of frontier resources, a developing economy is most likely to choose to exploit these resources at the maximum feasible rate possible in order to ensure at least an initial period of economic growth. However, this initial "economic boom" is invariably short-lived. Once the frontier is "closed" and any reserves of land and natural resources available to an economy have been fully exploited or converted, some economic retrenchment is inevitable. Under certain conditions, the "bust" may start even before the frontier resource reserves are exhausted. In short, it is not necessary for the windfall benefits of a commodity price rise to precipitate such a "boom and bust" pattern in a resource-abundant open economy, such a pattern appears inherent to frontier-based economic development.
The outline of the paper is as follows. The next section briefly overviews previous economic treatments of the role of frontier expansion in economic development. Although such models may explain past "successful" frontier-based development efforts in the nineteenth and early twentieth centuries, they are less applicable in describing the more typical frontier expansion process found in the small, open and resource-abundant economies today. Instead, what we tend to observe is that economic development in a resource-dependent small open economy displays an inherently "boom and bust" pattern. It is possible to provide some empirical evidence of this phenomenon, by examining the most prevalent form of frontier expansion in developing countries today, which is agricultural land expansion. The rest of the paper is devoted to explaining why such a "boom and bust" pattern of economic development may result from frontier expansion in a resource-dependent small open economy. As an illustration, a twosector model of frontier expansion and optimal growth in a small open economy with an increasing population is formulated. The model predicts that attaining higher rates of growth at least initially in the economy will always call for maximum conversion of frontier "reserves".
However, any such "economic boom" resulting from rapid frontier expansion cannot be sustained indefinitely, and the economy will necessarily experience declines in it capital stock and/or consumption and exports per capita. The conclusion of the paper discusses further the implications of such frontier-based economic development in light of recent empirical evidence that resource-abundant developing countries tend to display low long-run growth rates.
The Frontier and Economic Development: A Brief Overview
As noted by Findlay and Lundahl (1994, p. 70) , the analysis of frontier-based development "has been used extensively by historians and geographers for a wide variety of times and places, but has been neglected by economists." The exceptions are the "staples thesis", which has argued that the development of many countries and regions has been led by the expansion of export sectors, and in particular, natural resource exports, and the "vent for surplus" theory, which suggested that trade was the means by which idle resources, and in particular natural resources in poor countries, were brought into productive use (Chambers and Gordon 1966; Myint 1958; Smith 1976; Southey 1978; Watkins 1963) . Both theories are relevant to the economic analysis of frontier-based development, because they focus on the existence of excess resources -"land" and "natural resources" -that are not being fully exploited by a closed economy. The function of international trade is to allow these new sources of natural resources that previously had no economic value to be exploited, for increased exports and growth.
However, it is also fair to say that both the staples and vent-for-surplus theses have been mainly concerned with "surplus" natural resources as the basis for the origin of trade and exportled growth. For example, the staples theory was largely an attempt to explain the very substantial inflows of capital and labor into the "regions of recent settlement", i.e. Webb's "Great
Frontier of Canada, the United States, Argentina and Australia, that occurred largely in the nineteenth and early twentieth centuries (Findlay and Lundahl 1994) . Equally, Myint (1958) argued that the classical vent-for-surplus theory of trade is a much more plausible explanation of the start of trade in hitherto "isolated" country or region with a "sparse population in relation to its natural resources" such as "the underdeveloped countries of Southeast Asia, Latin America and Africa when they were opened up to international trade in the nineteenth century."
More recent theories have focused on characterizing the "endogenous" or "moving" frontier as the basis for attracting inflows of labor and capital into a region or economy (di Tella 1982; Findlay 1995; Findlay and Lundahl 1994; Hansen 1979) . Such "surplus land" models essentially postulate a Ricardian land frontier, whereby additional land can be brought into cultivation through investment of labor and/or capital, provided that the resulting rents earned are competitive with the returns from alternative assets. Thus frontier expansion becomes an "endogenous" process within a general equilibrium system of an economy, sometimes incorporating trade and international capital flows, with the supply and price of land determined along with the supplies and prices of all other goods and factors. As a consequence, changes in relative commodity and factor prices, as well as exogenous factors such as technological change and "transport revolutions", induce adjustments in the supplies of the specific factors including expansion of the land frontier. As in the case of staples theory, these "endogenous frontier" models have been used mainly to explain the inflows of capital and labor into the "regions of recent settlement", i.e. Webb's "Great Frontier of Canada, the United States, Argentina and Australia, that occurred largely in the nineteenth and early twentieth centuries, and export-led colonial agricultural development in certain tropical countries.
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The analysis of this paper follows in the same tradition of previous theories of frontierbased development, albeit with a crucial difference. Rather than focusing on historical applications where capital and labor inflows into regions and countries with surplus land have led to export booms and growth, here the emphasis will be on describing the present-day process of frontier expansion and optimal growth paths in a typical low and lower middle income open economy with abundant resources but a rapidly growing population. As the next section makes clear, in the typical developing economy of today the most prevalent form of frontier expansion is the "classic" process of land conversion, especially conversion of forest area and wetlands to agriculture. Thus, using the example of agricultural land expansion, the following section explores empirical evidence of the main thesis of this paper: rather than leading to sustained economic growth and "take-off", frontier expansion tends to generate a "boom and bust" pattern of economic development in a resource-dependent small open economy.
Agricultural Land Expansion and Economic Growth: Empirical Evidence
As Table 1 indicates the dependence of developing countries on agricultural land expansion for crop production. Over 1970-90 increased harvested area accounted for 31% of the additional crop production in these countries, and over 1990-2010 this contribution is expected to rise to 34%. However, some of the increase in harvested area is likely to come from cropping intensity (i.e. multi-cropping and multiple harvests on the same land area). Although improvements in cropping intensity and yields are expected to reduce the developing world's dependency on agricultural land expansion over 1990-2010, about 19% of the contribution to total crop production increases in poorer economies are likely to be derived from expansion of cultivated land. Cropland expansion is expected to be particularly prevalent in Sub-Saharan Africa, East Asia (excluding China) and Latin America (including the Caribbean).
Fischer and Heilig (1997) combined the results of the FAO (1995) study summarized in Table 1 with recent UN population projections to estimate the demand for additional cultivated land in developing countries in 2050. Their results are indicated in Table 2 . All developing countries are expected to increase their demand for cultivated cropland considerably, leading to extensive conversion of forests and wetlands. Throughout the developing world, cultivated land area is expected to increase by over 47% by 2050, with about 66% of the new land coming from deforestation and wetland conversion.
The rapid frontier land expansion that is occurring in developing countries appears to be serving mainly as an outlet for the rural poor. For example, the World Bank has launched a major study of the concentration of rural populations in developing economies on "fragile lands", which they define as "areas that present significant constraints for intensive agriculture and where the people's links to the land are critical for the sustainability of communities, pastures, forests, and other natural resources" (Word Bank 2003, p. 59) . The main findings of the study are:
• Since 1950, the estimated population on fragile lands in developing economies has doubled.
• Currently one quarter of the people in developing countries -almost 1.3 billion -survive on fragile lands. More than 1.2 billion people on fragile lands are in the developing regions of Latin America, Africa and Asia.
• The developing country populations on fragile lands include 518 million living in arid regions with no access to irrigation systems, 430 million on soils unsuitable for agriculture, 216 million on land with steep slopes and more than 130 million in fragile forest systems.
• These populations living on fragile land in developing countries account for many of the people in extreme poverty, living on less than $1 per day.
In sum, agricultural land expansion, and natural resource exploitation by primary sector activities more generally, appears to be a fundamental feature of economic development in many of today's poorer economies. Yet, as discussed in the introduction, developing countries that are highly dependent on exploiting their natural resource endowments tend to exhibit a relatively poor growth performance. This poses an intriguing paradox. Why is it that, despite the importance of natural capital for sustainable economic development, increasing economic dependence on natural resource exploitation appears to be a hindrance to growth and development, particularly in today's low and middle-income economies?
One possible explanation is the resource curse hypothesis. According to this view, the limits of resource-based development stem from the poor potential for such development in inducing the economy-wide innovation necessary to sustain growth in a small open economy.
This phenomenon is often linked to the "Dutch disease" effect arising from some exogenous influence, such as trade liberalization or a resource price boom. For example, Matsuyama (1992) has shown that trade liberalization in a land-intensive economy could actually slow economic growth by inducing the economy to shift resources away from manufacturing (which produces learning-induced growth) towards agriculture (which does not). Warner (1995, 1997 and 2001) also argue that the relative structural importance of tradable manufacturing versus natural resource sectors in an economy is critical to its growth performance, i.e. when a mineral or oil-based economy experiences a resource boom, the manufacturing sector tends to shrink and the non-traded goods sector tends to expand.
A second explanation is the open access exploitation hypothesis. Taylor (1997 and 1998) note that over-exploitation of many renewable natural resources -particularly the conversion of forests to agricultural land -often occurs in developing countries because property rights over a resource stock are hard to define, difficult to enforce or costly to administer. They demonstrate that opening up trade for a resource-abundant economy with an open access renewable resource may actually reduce welfare in that economy. As the resourceabundant country has a comparative advantage in producing the resource good, the increased demand for the resource good resulting from trade openness leads to greater exploitation, which
under conditions of open access produces declining welfare in the long run.
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An alternative explanation put forward in this paper is the frontier expansion hypothesis.
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In the next section, we develop a model of a small open economy dependent on frontier reserve exploitation to illustrate the frontier expansion hypothesis. However, it is worth outlining the key features of the hypothesis here: The structural economic dependence of a small open developing economy on exploiting its natural resource endowment -in particular its dependence on frontier land and resource expansion -precipitates a "boom and bust" pattern of development that is simply not conducive to sustained and high rates of long-run economic growth. Although frontier-based economic development can lead to an initial "economic boom", it is invariably short-lived and the economic benefits are dissipated. The key to this phenomenon is that the small open economy faces a trade off between allocating the production from additional frontier resources either to increase domestic consumption and exports (in exchange for imported consumption), or alternatively for capital accumulation. If the additional frontier "reserves" are used mainly to expand consumption and exports, then there will be little additional capital For example, Brander and Taylor (1997) show that a small, open and resource-abundant economy that produces a resource product through open access resource exploitation and a manufacturing good will also have a "boom and bust" pattern of development in the long run. That is, the economy will experience early gains from trade, followed by a period of declining utility. With the specific case of Latin America in mind, in which raw materials are often inputs into semi-processed or processed exports, López (1989) also develops a two-good model of a resource-rich open economy in which the open access renewable resource serves as an input into an "enclave" export processing sector. López shows that improvements in the terms of trade increases the rate of open access resource extraction and real income to increase in the short-run, but inevitably permanent income falls in the long run.
accumulation, and thus no long-term take off into sustained growth once the frontier is closed. If during the frontier expansion phase the economy does manage to invest in capital accumulation as well as increased consumption and exports, then the initial boom period will coincide with increased growth. However, this growth path cannot be sustained. Once the frontier is "closed"
and any reserves of land and natural resources available to an economy have been fully exploited or converted, some economic retrenchment is inevitable, and an economic bust will occur.
As indicated at the beginning of the section, agricultural land expansion is the most prevalent form of frontier expansion evident in developing countries today. If agricultural land expansion in these small open economies is associated with a "boom and bust" pattern of economic development, then there are two possible consequences. First, economies that have increased their agricultural land base significantly over the long run are likely to have lower levels of GDP per capita then economies that have tended to reduce their dependence on agricultural land expansion. For the latter countries, a shrinking agricultural land base may be evidence that tradable manufacturing and other dynamic sectors have become structurally more important in the economy relative to natural resource sectors and that agriculture itself has become a more capital-intensive, productive and innovative sector. 7 Second, for those countries that are dependent on agricultural land expansion, further increases in agricultural area will tend to produce only modest increases in GDP per capita. Beyond a certain point, additional increases in land expansion will be associated with lower GDP per capita, because of the "boom and bust" pattern of resource-dependent development described above. 7 In the small open economy model of Brander and Taylor (1997) , if the country specializes in the manufacturing good in the long run, it gains unambiguously from trade.
A fairly straightforward way of empirically verifying the above phenomena is to estimate a relationship between GDP per capita and some measure of long-run agricultural expansion.
For example, if the latter indicator was some index, " it , then the above hypotheses suggest that there may be a cubic relationship between per capita income, Y it , and this indicator of long run agricultural land change:
Note The results of the analysis for all tropical countries and for low and lower middle income countries (i.e. real per capita GDP less than $3,500 over 1961-94) are shown in Table 1 . For both regressions, the estimated coefficients are highly significant and also have the expected signs and relative magnitudes. 9 Thus the estimations provide some empirical evidence that 8 The data used in this analysis is form the World Bank's World Development Indicators, and are available from the author upon request.
9 Although only the preferred models are indicated in Table 1 , the panel analysis was performed comparing OLS against one-way and two-way random and fixed effects models. Alternative versions of these models also employed White's robust correction of the covariance matrix to overcome unspecified heteroskedasticity. However, heteroskedasticity proved not to be a significant problem in both regressions. In the regression for all tropical developing countries, the F-test for the pooled model and Breusch-Pagan LM test were highly significant, agricultural land expansion in developing countries conforms to a "boom and bust" pattern of economic development. This is seen more clearly when the regressions are used to project respective relationships between long run agricultural land expansion and GDP per capita, which are displayed in Figure 1 .
As indicated in the figure, an increase in agricultural land expansion in the long run is clearly associated with a lower level of per capita income than decreasing agricultural land area.
For all tropical countries, the turning point is a long run agricultural change index of 1.2. For lower income countries the turning point is 1.3. Although continued agricultural land expansion beyond these points does lead to a slight increase in GDP per capita, this impact is short-lived.
For all tropical countries, per capita income starts to fall once the land area index reaches 2.3; for lower income countries this occurs sooner at an index of 1.9. Note as well that for lower income countries, there is very little increase in GDP per capita associated with expansion of land over the 1.3 to 1.9 range.
It is revealing to compare the projections in Figure 1 with the actual land use situation in 1994 for developing countries. For all countries in 1994, the average land expansion index was 1.18, and for lower income countries it was 1.17. Of the 35 countries in 1994 with per capita incomes less than $3,500, only six have not experienced some agricultural land expansion compared to the 1961 base year. 10 Only eleven lower income countries are in the 1.3 to 1.9 range of agricultural land expansion, where continued expansion is associated with slightly suggesting rejection of the OLS model due to the presence of individual effects. The Hausman test was significant only at the 10% level, suggesting that random effects specification is preferred to the fixed effects model. The oneway model tended to outperform the two-way effects model. In the regression for lower income countries, the Ftest for the pooled model, the LM test and the Hausman test were all highly significant, suggesting that the fixed effects model is preferred. The two-way model tended to outperform the one-way effects model.
higher levels of GDP per capita. 11 One country (Fiji) has already passed the turning point of 1.9
where further agricultural land expansion corresponds with lower levels of GDP per capita.
Thus it is fair to say that, for the vast majority of lower income countries, further agricultural land expansion is likely to be associated with lower levels of GDP per capita.
A Model of Frontier Expansion in a Small Open Economy
The previous section has explored evidence, particularly with the example of agricultural The economy is assumed to comprise two sectors, an "established" or "mainstay" sector and a "frontier" sector. The latter comprises all economic activities, such as agriculture, forestry, ranching, mining or any other basic extractive industries that are dependent on the exploitation or conversion of "newly acquired" resources available on an open, but ultimately limited, "frontier". Although clearly heterogeneous, these available "frontier resources" will be viewed in the following model as an aggregate, homogeneous stock, which we can also refer to broadly 11 The eleven countries are Sri Lanka (with a long run agricultural land change index of 1.348), Burundi (1.397), Rwanda (1.403), Papua New Guinea (1.432), Nicaragua (1.454), Uganda (1.478), the Philippines (1.511), Vanuatu (1.610), Paraguay (1.663), Belize (1.671) and Guatemala (1.705).
as "land". Equally, the extractive activities and economic uses of these resources will be aggregated into a single sectoral output.
Thus at time t = 0, the frontier sector of the economy is assumed to be endowed with a given stock of accessible natural resources, F 0 , which acts as a "reserve" that can be potentially tapped through the current rate of conversion, N. The output produced through converting or exploiting these frontier "reserves" in turn contributes to domestic consumption and the flow of exports, or alternatively augments the existing capital stock, in the economy. Hence, in the following model, the process of "frontier expansion" is essentially marked by the continual use and depletion of the fixed stock of frontier land resources, F 0 .
To sharpen the analysis, we will not include explicitly a cost of frontier resource conversion but postulate that the existence of institutional, geographical and economic constraints limits the maximum amount of frontier exploitation at any time t to N . There are two reasons for assuming that such constraints limit the extent of frontier resource conversion or depletion. First, any frontier resources are located far from population centers, and thus the rate at which these resources may be profitably converted or exploited may be constrained by distance to market and accessibility. For example, recent studies of tropical deforestation indicate that remoteness from urban areas and the lack of roads in frontier areas limit forestland conversion to agriculture (Cropper et al. 1999; Chomitz and Gray 1996; Nelson and Hellerstein 1996) . Second, recent studies have also explored the impact on tropical land conversion of institutional factors, such as land use conflict, security of ownership or property rights, political stability, and the "rule of law" (e.g. Alston et al. 2000; Barbier 2002; Deacon 1994 Deacon , 1999 Godoy et al. 1998) . For example, empirical work by Deacon (1994 and 1999) suggests that formal and informal institutions that reduce ownership risk or establish the "rule of law" would constrain the extent of tropical forestland conversion.
Over a finite planning horizon, T, it follows that
where N is the maximum rate of frontier exploitation or conversion at any time t.
We will also assume that the other input used in frontier economic activities is labor, L A . Thus aggregate output, A, from economic activities in the frontier sector can be denoted by the
, which is assumed to be homogeneous of degree one and can be written in the following intensive form
where a = A/L A and n = N/L A and ( ) 0
The second sector of the economy is the "mainstay" or "metropolis" sector. It contains all economic activities, industrial and agricultural, that are not directly dependent on the exploitation of frontier resources. Instead, production in this sector is a function of labor, L M , and the stock of accumulated capital in the economy, K, which includes settled (i.e. non-frontier) agricultural land. Thus aggregate production in the mainstay sector can be denoted as M = M(K,L M ), which if linearly homogenous can be written as
Aggregate labor supply, L, in the economy is therefore allocated to both sectors and is also assumed to growing at the exogenous rate, θ, i.e.
We make the standard assumption that the initial stock of labor, L 0 , is normalized to one. Also, it will be assumed that if the total labor supply is growing exogenously at the rate θ, so will the labor allocated to the frontier and mainstay sectors, L A and L M , respectively.
Utilizing the relationship , condition (1) can be re-written as
where n is the maximum per capita amount of frontier resource conversion that can occur at any time t. Since from (4) frontier labor supply grows exogenously, the maximum conversion rate, n , must decline over time.
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Per capita output from either the frontier or mainstay sectors may be used for domestic consumption, c, or exported, x. To focus the analysis, we will treat domestic consumption and exports from the mainstay and frontier sectors respectively as homogeneous commodities. Let q = c + x be defined as aggregate consumption, both domestic and foreign, of the economy's total output. Assuming that at any time t frontier resource conversion that is not either consumed domestically or exported augments the economy's capital stock, then it follows that per capita capital accumulation in the economy is governed by ( )
where ω is the rate of capital depreciation (see Appendix).
In exchange for its exports, the economy imports a consumption good, z. As the country Finally, all consumers in the economy share identical preferences over the finite time
where δ is the discount rate and ψ T is the scrap value of the terminal capital stock, k(T).
Maximization of W over finite time T leads to the following Hamiltonian
which is maximized with respect to aggregate per capita consumption, q, exports, x, and frontier resource exploitation, n. The resulting first-order conditions are
plus the equation of motion (6). Equation (10) is the usual condition requiring that the discounted marginal utility of consumption equals the shadow price of capital. Equation (11) is the open economy equilibrium condition, which indicates that the relative marginal value of domestic to imported consumption must equal the terms of trade, p. Condition (12) governs the optimal frontier resource conversion, n. If the value marginal product of frontier resource exploitation, λ , exceeds the marginal (shadow) costs of any conversion, µ , then per capita resource conversion will be at the maximum rate,
n . If the costs of conversion are greater than the marginal benefits, then no frontier resource exploitation will occur. When benefits equal cost, then conversion is at the rate n where n n < < 0 . Equation (13) determines the change over time in the value of the capital stock of the economy. This value will grow if the marginal productivity of capital per worker in the mainstay sector, m'(k), is less than the effective discount rate plus any capital depreciation and population growth, ρ + ω + θ. In addition, the terminal value of the capital stock, λ(T), combined with (10), (11) and (12) will determine the final levels of per capita domestic consumption plus exports, c(T) + x(T), in the economy.
Finally, condition (14) states that the marginal value, µ, of the fixed stock of frontier resources, F 0 , is essentially unchanging over the planning horizon. Instead, whether the scarcity value of frontier resources is positive or zero depends on whether the available stock of frontier resources, F 0 , is completely exhausted through conversion, n, by terminal time, T. Combined with the other first-order conditions, (14) proves to be important in characterizing the optimal "frontier expansion" path of the economy.
For example, suppose that by the end of the planning horizon at time T the stock of frontier resources is not completely exhausted through "frontier expansion", i.e. From (14) it follows that µ = 0. The unlimited availability of frontier resources to the economy over the entire planning period means that these reserves have no scarcity value. However, from (10), the marginal value of accumulated capital in the economy is always positive (λ > 0). As a consequence, in (12) the value marginal product of
frontier resource exploitation, λα, will exceed the costs of conversion, and thus the economy will convert frontier resources at the maximum per capita rate, n , throughout [0, T].
Alternatively, suppose that so that frontier resources are exhausted at least by the end of the time horizon, T, if not at some time t
These resources now have positive scarcity value, µ > 0, throughout the planning period. This in turn implies that optimal paths of frontier expansion may have either an interior solution for frontier resource conversion, n n < < 0 , or corner solutions, n = n and n = 0. Since these paths have interesting and differing economic implications, we will focus mainly on them. Thus the rest of the paper will consider only the case where frontier expansion and resource conversion comes to an end some time during the planning horizon of the open economy.
We begin with the conditions for an interior solution to the choice of frontier resource conversion, n n < < 0 :
According to (12), an interior solution for n requires that the benefits of frontier exploitation equal the cost. This condition can be re-written as
given that µ is constant. Substituting (15) into (13) yields
The latter expression implies that the per capita capital stock remains constant at some value, k 1 , and therefore dk/dt = 0 in (6). This result indicates that, if it is optimal for the economy convert frontier resources but at a rate less than the maximum level, n , then frontier expansion will be only sufficient to maintain the per capita stock of capital.
Using (15) in (10) 
If the economy follows the interior solution for its frontier expansion path, then per capita domestic consumption, exports and imports will decline over time. From (6), a further implication of aggregate consumption, q, falling over time is that the rate of frontier resource conversion, n, must also be declining.
Clearly, a frontier expansion path that leads to declining per capita domestic consumption and exports is not very desirable. Although it is possible for the economy to choose alternative frontier expansion paths that have positive rather than negative impacts on overall economic development, at least over some initial time period [0, t] , it is fairly straightforward to demonstrate that such optimal paths are inconsistent with the interior solution for resource conversion outlined above.
From conditions (10), (11) and (13), positive growth in per capita domestic consumption and exports in the economy requires
Economic growth will occur if the marginal productivity of capital per worker in the mainstay sector, m'(k), exceeds the effective discount rate plus any capital depreciation and population growth, ρ + ω + θ. However, equation (13) indicates that the latter condition also implies that the value of the capital stock, λ, must be declining over time. If this is the case, (15) and (16) are no longer valid as they are based on condition (12) set to zero, which in turn requires λ to be positive and growing at the rate θ. Thus the interior solution for frontier resource conversion, n n < < 0 , is not consistent with an optimal path of the economy that leads to growth in per capita domestic consumption and exports.
With any interior solutions for resource conversion ruled out, then n = 0 and n = n are the only two remaining choices, if the economy wants to be on an optimal frontier expansion path that is also compatible with growth. As (10) and (19) imply that the value of the capital stock is positive but declining over time, then the optimal policy is for the economy to choose n = n first, such that
, to ensure that growth can at least occur for some until initial time interval [0, t] . However, by choosing the maximum frontier resource extraction rate over this initial period, the economy will also ensure that F 0 is exhausted at some future time, t F < T, Note that the rate of capital accumulation will also differ, as the economy switches from maximum frontier resource conversion to none at all
13 Note that it is never optimal to halt resource extraction, n = 0, as long as there is some frontier stock remaining, (10) and (12), n = 0 implies that (14), n = 0 also requires µF 0 = 0 and µ > 0. Together, these conditions imply that the zero extraction policy is only optimal once the frontier resource stock is completely exhausted, i.e. when F 0 = 0.
The final dynamic equation of the economy can be found by using (19) and the fact that
. (22) Equations (20)- (22) can be solved to yield two isoclines and a single isocline. These isoclines can be depicted diagrammatically in (k, q) space (see Figure 2) .
From (22), if m'(k) = ρ + ω + θ, which means that this locus is a vertical line defined at some k = k* that satisfies this condition. From (20) and (21), the isocline corresponding
distance higher than the isocline for n = 0. Finally, it is fairly straightforward to demonstrate that the directionals corresponding to these isoclines are
Optimal Frontier Expansion Paths
To summarize, the open economy can pursue three general types of paths: an interior solution path, a path of maximum frontier expansion until the frontier is "closed", and a "stopgo" path alternating between maximum frontier expansion and temporary halts to resource conversion and exploitation. 14 From (20) and (21), .
For example, the frontier expansion path defined by the interior solution, n n < < 0 ω + , is the trajectory labeled AB. However, as is clear from (16)- (18), the economy can only be on this trajectory if it has already attained the per capita capital stock, k 1 , which then remains constant over time. This path must always be the right of k*, since from (16) whereas from (22) the q isocline is always defined at m'(k*) = ρ + ω + θ. In addition, exports and consumption per capita, q = c + x, are always declining along this optimal path. Moreover, this trajectory is only feasible between the two parallel isoclines.
As noted above, a more likely scenario is for the economy to choose an optimal frontier expansion path that is also compatible with growth, at least for some until initial time interval [0, t] . In this case, the optimal policy is for the economy to choose the maximum rate of frontier resource conversion, n = n at the outset. If the economy is able to maintain maximum frontier expansion until the resources are exhausted, then it will persist with this policy until the frontier is "closed". Assuming that the economy starts at a given initial level of capital stock, k 0 < k*, there are nevertheless several possible paths that the economy might follow, depending on the length of the planning period [0,T], the available stock of frontier resources, F 0 , and the terminal value of the capital stock, λ(T). Three representative paths are depicted in Figure 2 , and labeled I-III.
Trajectory I illustrates the case where λ(T) is low such that terminal per capita consumption and exports are relatively high, q(T 2 ). Along this trajectory, the economy will pursue maximum frontier resource conversion, n = n , until F 0 is exhausted. Once frontier 15 From (20) , at point A, on the isocline corresponding to n =
Since q can only increase if n n > , which is impossible by definition, then any points above are infeasible for the trajectory defined by the interior solution to the problem. Equally, (21) rules out the possibility of points below point B as being attainable for the interior solution, since at this point q and n < 0 is not a feasible outcome.
expansion ends, at point C, the economy will no longer utilize frontier resources, n = 0, until reaching terminal point, q(T 2 ). Although during the initial frontier expansion phase, exports and consumption grow rapidly, per capita capital accumulation occurs only modestly. Once this phase ends and the frontier is "closed", c and x continue to expand but k starts declining, and at the end of the planning period may be less than k 0 . Note that if the total amount of frontier resources available to the economy is larger, then the frontier expansion phase will last longer and thus the switch to n = 0 would come later than depicted. The result will be that k will decline less, and at terminal time could equal or exceed k 0 .
Both trajectories II and III illustrate the case where λ(T) is relatively high so that terminal c and x are low. The result in both cases is a "boom and bust" path for the economy.
Trajectory II is representative of an economy with a larger frontier and/or time horizon.
The initial phase of maximum frontier expansion, n = n , coincides with the economic "boom" period in consumption, exports and capital accumulation. However, even during this phase of frontier resource exploitation, c and x begin to decline. Frontier expansion eventually leads mainly to increases in the stock of capital person. However, once the economy accumulates k 1 amount of capital, there is no incentive to increase it further, as this would result in a decline in net production, m(k) -(ω+θ)k, from the mainstay sector. Thus once k 1 is reached, the economy will follow along the segment DE of the interior solution path. The rate of frontier resource exploitation will be adjusted to n n < < 0 , and per capita consumption and exports will fall. At point E, frontier resources are exhausted, and since n = 0, the economy will depend solely on the mainstay sector until terminal point q(T 1 ) is reached. During this last phase of trajectory II, c and x will continue to decline. Capital per person will also fall initially and then recover, but will not exceed k 1 at terminal time.
Trajectory III may be the more typical outcome if an economy has a smaller frontier stock and/or a shorter time horizon. The initial phase of maximum frontier expansion, n = n , also coincides with the economic "boom" period in c, x and k. However, once frontier exploitation ends at point F, then a "bust" phase ensues. Although per capita exports and consumption continue to decline until the end of the planning period, additional capital accumulation will eventually occur. The final level of capital person will be between k* and k 1 .
Conclusion
This paper has followed in the tradition of "endogenous frontier" models of economic development that have been employed to explain the opening of primary products trade and export-led growth in previously unexploited regions and countries in the nineteenth and early twentieth centuries (di Tella 1982; Findlay 1995; Findlay and Lundahl 1994; Hansen 1979 ). faced with an abundant supply of frontier resources, the economy is most likely to choose to exploit these resources at the maximum feasible rate possible in order to ensure at least an initial period of economic growth. However, it also appears inevitable that frontier expansion will lead to some form of "boom and bust" pattern of long-run development. If the economy is able to sustain the maximum rate of conversion until the frontier closes, or until it reaches maximum capital stock k 1 , then the economic "bust" will be confined to the final stages of the optimal path.
Of course, for an economy with relatively small frontier reserves or a short time horizon, the initial "boom" period could be short-lived. This will be particularly the case if exploitation of frontier reserves leads mainly to increased domestic and imported consumption.
If a "boom and bust" pattern is inherent to frontier-based economic development in a small open economy, then this has important implications for understanding the empirical evidence as to why resource-abundant developing countries display lower than expected longrun rates of growth. Previous explanations have suggested that slower growth in these economies may be due to the economic distortions precipitated by a "resource boom", possibly as the result of commodity price rises or trade liberalization, which shifts resources from a dynamic sector such as manufacturing to the primary sector (Matsuyama 1992; Sachs and Warner 1995) . Other theories have suggested that opening up trade for a developing economy dependent on open access resource exploitation will reduce welfare in that economy Taylor 1997 and 1998 
]
.
where w N is the real rental price (in terms of p M ) of converted or extracted frontier resources, i.e.
the "land" input into frontier economic activities, and w is the real market wage. The above two expressions indicate that the value marginal products of land and labor in the frontier sector must equal their respective input prices.
Perfect competition and free mobility of labor between the frontier and mainstay sectors also results in the following equilibrium condition for the latter sector
The zero profit condition for the mainstay sector yields
where r is the real price of capital and ω is the rate of depreciation.
Let us assume that households in the mainstay sector not only sell their labor to produce the mainstay good but also own the capital used in this sector. Denoting c M as the per capita consumption of these households and θ as population growth, it follows that per capita accumulation by mainstay households is governed by the following budget constraint 
